The aldolase of Francisella tularensis resembles Class 11 aldolases in its requirement for divalent ions and its inactivation by metal chelating agents. Cysteine and other reducing agents stimulated the activity of the enzyme. This paper reports a purification of the aldolase of Francisella tularensis Jap with an investigation of the role of metal ions, reducing agents, and sulfhydryl group inhibitors in an effort to elucidate the importance of cysteine and related compounds in the activity of the enzyme. F. tularensis requires cysteine for growth (10), although the specific reasons for this requirement are not known.
8.6), and 0.2 ml of enzyme solution. The color developed with 2,4-dinitrophenylhydrazine, and 0.75 N sodium hydroxide was read at 540 nm. One unit of enzymatic activity is equivalent to I ,umole of substrate cleaved per min at 37 C. Specific activity is expressed in units per milligram of protein.
The enzyme was purified by two cycles of ammonium sulfate fractionation using solid ammonium sulfate to achieve the desired level of saturation. The cell extract was brought to 0.50 saturation and the precipitate was discarded. The precipitate obtained after bringing the solution to 0.58 saturation was retained for a second cycle of fractionation employing 0.50, 0.53, and 0.58 saturation levels. Only the final precipitate was used in the experiments. The products obtained had specific activities ranging from 32-to 36-fold above that found in the original extract. The enzyme was found to have an optimal temperature for activity at 37 C; the activity was completely lost at 50 C. The pH optimum was 8.6 with pronounced loss of activity at higher pH. Phosphate buffer and glycyl-glycine buffers were inhibitory in the range of pH 6.0 to 9.0. Phosphate has been reported to competitively inhibit aldolase (6) , possibly because of a requirement of at least one phosphate group in the aldolase substrate (2, 3). The apparent Km for fructose-1 ,6-diphosphate was found to be 1.5 mM.
The results of various inhibition and activation experiments are presented in Tables I and 2 . Cations were tested in the range of 0.75 to 7.5 mM concentration. Cobaltous, magnesium, ferrous, and potassium ions increased enzyme activity with the greatest increase being with 7.5 mm ferrous ion and 0.75 mM cobaltous ion. Cobaltous ions at higher concentrations caused a lesser stimulation of activity, with the specific activity at 7.5 mm being not much greater than that in controls. Although potassium was employed as the chloride and all of the other cations as sulfates, it should be noted that the buffer used was Tris-hydrochloride; the data, therefore, indicate activation by potassium ion.
Various metal chelating agents were found to inhibit aldolase activity in concentrations ranging from 0.15 to 1.5 mM. Ethylenediaminetetraacetate and o-phenanthroline were the most effective inhibitors. 8-Hydroxyquinoline was more inhibitory at lower concentrations than at higher concentrations. This compound has been reported to increase activity in the aldolase from Salmonella typhosa (4) and cause a 30% loss of activity in aldolase from Trichophyton mentagrophytes (8 (0.75 mM). At higher concentrations iodoacetate caused appreciable inhibition of aldolase activity.
The addition of ferrous or cobaltous ions both before and after the addition of the inhibitors pyrophosphate and o-phenanthroline caused a reversal of the inhibitory effect of these chelating agents. Ferrous ion at 1.5 mm concentration completely restored the activity to the level seen with ferrous ion alone.
The inhibition of the aldolase by metal chelating agents and the reactivation by ferrous and cobaltous ions show that this enzyme is typically a microbial aldolase (1, 4, 12) . That only ferrous ions were observed to reverse completely the inhibition by o-phenanthroline and pyrophosphate may indicate a specific requirement of ferrous ion for enzyme activity. The activation of F. tularensis aldolase by cobaltous and ferrous ions is consistent with the generally accepted cotncept that potassium-requiring enzymes usually need the addition of divalent metal ions.
The stimulation of aldolase activity by reducing agents suggests a requirement for reduced sulfhydryl groups. Inhibition by sulfhydryl reagents was observed only when the higher concentrations of these reagents were employed. Both tyrosyl and cysteinyl residues are thought to be involved in activity (7), and the modification of sulfhydryl groups has been observed to abolish the activity of aldolase toward both fructose-diphosphate and fructose-l-phosphate (5). Riordan and Christen (7) have investigated the reaction of tetranitromethane (TNM) with aldolase sulfhy- dryl groups and concluded from the effect of substrates and inhibitors that the sulfhydryl groups may be components of the active center. They did not rule out the alternative possibility that the substrates and inhibitors induced structural changes which made reaction with TNM impossible.
